Streptomyces lavendulae S55-B1 gave two distinct variants at an unusual high frequency: one is a /1-lactamase-nonproducing variant and the other is an Argvariant. All of the Arg-variants concomitantly had no, or only very low, ,Blactamase activity and were unable to form aerial mycelia or spores. There was no significant linkage between the ,B-lactamase activity and the other nutritional requirement which was analyzed. Two of the Arg-variants spontaneously gave Arg+ revertants at a very low frequency. The revertants, however, did not recover the f-lactamase activity. It is suggested that the ,B-lactamase gene may be capable oftransposition with inactivation of the arg gene occurring frequently by insertion of the transposed element. Covalently closed circular deoxyribonucleic acid from S55-Bl was not detected by either cesium chloride-ethidium bromide buoyant density centrifugation or agarose gel electrophoresis.
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One major mechanism of resistance to antimicrobial agents in eubacteria is by formation of specific enzymes which inactivate antibiotics. It is of interest that antibiotic-producing Streptomyces produce enzymes such as those inactivating aminoglycoside antibiotics (2) and chloramphenicol (17) .
It was previously reported that ,B-lactamase, one of the antibiotic-inactivating enzymes, was produced in many strains ofStreptomyces (9, 10) and that some of these strains lost the ability to produce f8-lactamase at a high frequency after treatment with acriflavin (11) .
In this report, we describe the association of the loss of fl-lactamase activity with the appearance of arginine auxotrophy and loss of the ability to form aerial mycelia and spores.
MATERIALS AND METHODS
Strains and media. The parental strain of Streptomyces lavendulae was derived from a single-spore isolate of the original strain provided by A. Seino of Kaken Chemical Co.; this strain, designated S55-Bi, was maintained on slants of GAA agar (9) . Mutant strains were maintained on slants of sporulation medium (SM) agar (7), supplemented with tryptophan and cystine (50 mg/liter). All incubations were carried out at 270C.
Mutagenesis. Auxotrophic mutants and mutants deficient in ,-lactamase activity were isolated by ultraviolet (UV) irradiation or treatment with Nmethyl-N'-nitro-N-nitrosoguanidine (NTG). Spores suspended in 0.85% NaCl-0.1% Tween 80 were irradiated under a UV lamp (15 W) at a distance of 35 cm for 10 to 160 min and had a survival rate of 3 to 50%.
Mutagenesis with NTG was carried out as descibed by Delic et al. (4) . The survival rate was 0.001%.
Treated cells were plated onto SM agar after appropriate dilution. After 3 to 4 days the number ofcolonies was counted and the clones were replicated to SM and minimal medium (MM) agar. Clones which did not grow on MM agar were examined in more detail for their nutritional requirements and also tested for ,8-lactamase activity by the phenol red method (11) . The treatment with curing agents was as described previously (11) .
Assay for -lactamase activity. In the assay for #-laotamase activity (9) , cells were first grown in 500-ml Erlenmeyer flasks containing 100 ml of PYG medium at 27°C and 210 rpm for 2 days on a rotary shaker. Cultures of 0.5 to 2 ml were tramnsferred into 500-ml flasks containing E medium and further incubated. At various times, 2-ml samples were removed and the f8-lactamase activity in the supernatants was measured by method C (9) 
RESULTS
Effect of acriflavin on the production of f8-lactamase. We reported previously that the frequency of f8-lactamase-nonproducing (f8-lactamase-) clones of Streptomyces sp. E750-3 was increased during treatment with acriflavin (11).
VOL. 17, 1980 Another Streptomyces strain, S. lavendulae S55-B1, showed the same phenomenon; ,B-lactamase clones appeared spontaneously at a frequency of 2.7%, and at a frequency of 8.3% after treatment with acriflavin (10 yg/ml). A considerable fraction of these ,B-lactamase-isolates was unable to grow on minimal media, suggesting that the loss of f6-lactamase was accompanied by an additional mutation to auxotrophy.
Effects of mutagenesis and treatment with curing agents. UV irradiation yielded fllactamase-mutants, a number of which were auxotrophic (Table 1) . Unexpectedly, all of the auxotrophy was Arg-. Mutagenesis with NTG also yielded an increased number of /-lactamase mutants and an even larger number of auxotrophic mutants but, unlike those treated with UV irradiation, not all of the latter were Arg-. However, the frequency of Arg-among the total auxotrophs is quite high (14%), and there were seven additional Arg-clones which were also auxotrophic for either Met or Cys. Thus, the total Arg-among the auxotrophs is closer to 20%.
The unusually high occurrence of ,B-lactamase-and Arg-double mutants suggested the possibility of an involvement of a plasmid(s), and, accordingly, the plasmid curing agents rifampin and EtBr were examined for their effects. Both of these agents efficiently yielded double mutants, and all of the auxotrophy produced with both was Arg- (Table 1) .
/3-Lactamase activity in mutants. The initial screening for /3-lactamase mutants was carried out on agar plates by the phenol red method (11) . This procedure will also score as fl-lactamase those mutants which possess low levels of activity (20% or less of the full: activity) and, thus, is not capable of indicating whether a given isolate has lost all fi-lactamase activity. The latter requires quantitation of the /3-lactamase activity, and this was determined in liquid cultures with daily measurement of enzyme activity (9) . The results for the parental strain and a number of the mutants are presented in Table   I8-LACTAMASE IN STREPTOMYCES 125 2, which represents the maximal activity found in each case. The majority (70%) of the Arg-auxotrophs (Table 1) possessed low levels of ,-lactamase, ranging between 5 and 20% of the wild-type parental strain (strains 11-3 through 15-42). These were claified as /3-lactamase low producers (f-lactamase'). A smaller group (30%) of the Arg-auxotrophs (strains 4-12 through 51-9) had less than 1% of the parental level of activity, and these were designated as fi-lactamase nonproducers (ft-lactamase). to normal levels of activity. In fact, the activity of some of these revertants was lower than that of the Arg strains from which they originated. Aerial mycelium formation. Strain S55-Bl formed aerial mycelia and sporulated well.
Both the Arg-, fi-lactamaser and Arg, .-lactamase-double mutants were unable to produce aerial mycelia or spores. The other auxotrophic mutants could form aerial mycelia, and some of them could sporulate when the sugar present in Bennett agar was changed. None of the Argmutants could form aerial mycelia on the solid media containing various sugars (13 sugars tested), and the colonies appeared smooth, waxy, and translucent. They appeared as typical bald colonies similar to those described for the Amyisolates of Redshaw et al. (12) . The Arg+ revertants described above regained the ability to form aerial mycelia and to sporulate. In particular, strains 11-3 Ri and 22-24 RI formed more densely gray spores than did the wild-type strain S55-B1.
Examination for the presence of covalently closed circular deoxyribonucleic acid. Strain S55-B1 was examined for the presence of covalently closed circular deoxyribonucleic acid by bouyant density centrifugation of the total deoxyribonucleic acid in cesium chloride-ethidium bromide (CsCI-EtBr) and by agarose gel electrophoresis (1). No covalently closed circular deoxyribonucleic acid was detected, whereas it was detected in another Streptomyces species by the same methods. It should be recalled, however, that for some genetically well-characterized pids, such as SCP1 in Streptomyces coelicolor A3 (2), a similar result has been obtained (6) .
DISCUSSION
The mutational pattern concerned with ,-lactamase formation in S. lavendulae 855-Bi presents several unusual features: (i) partial or complete loss of ,-lactamase is found at high frequency, (ii) the resulting f-lactamase-nonproducing or low-producing strains are very frequently associated with auxotrophy to arginine and the loss of ability to form aerial mycelia and spores, (iii) the Arg-phenotype of these pleiotropic mutants involves argininosuccinate synthetase, and (iv) reversion of mutants to Arg+ restores the ability to form aerial mycelia and spores, but does not lead to recovery of,B-lactamase activity.
It appears unlikely that the initial fi-lactamase mutants were caused by point mutations because of the exceedingly high mutation frequency found and the concomitant gene inacti- 
